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Introduction
In June 2012, the Multi-sensor Airborne Radiation Survey (MARS) detector was taken to the Remote Sensing Laboratory-Nellis in Las Vegas, NV and flown onboard the RSL Bell-412 helicopter. This report briefly summarizes the flights, the data taken, and the format of the data included in the Appendix.
Detector Description
The MARS detector
The MARS detector is an array of 14 high purity Germanium (HPGe) crystals located in a single cryostat. The system is described in more detail in Ref. [1] . The MARS system had previously been operated on boats and trucks and was modified for use on a helicopter. The MARS detector in its helicopter mount is shown in Figure 1 . MARS requires approximately 5.5 liters of liquid nitrogen (LN) to maintain the proper operational temperature for the HPGe crystals. In the laboratory, this quantity of LN will last 42 hours in the vertical orientation. 
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Calibration and Summing
The MARS detector was calibrated using check sources at RSL. The same calibration using the 356 keV line from Ba-133 and the 1333 keV line from Co-60 has been applied to all of the data. In addition, all of the data presented in this document are the result of a simple sum of the active crystals in the detector. The crystal number scheme is as follows:
• Crystals closest to the front window are 0 through 6 with 0 being in the center.
• Crystals farther from the window are 8 through 14 with 8 being in the center.
Crystal 6 cannot be biased and so is ignored in the analysis. Crystals 9 and 10 are underbiased but do provide some additional efficiency and so have been included in these data sets. Their inclusion could degrade the resolution by a small amount.
Measurement Campaign Overview
The data for three test flights are included in the appendix of this report. The three flights are described below.
Point Sources
For this test of the MARS detector with point sources, the helicopter flew at 70 knots ground speed and the altitude varied from 50, 100, 150, 200, 300, and 500 feet. Each measurement was repeated multiple times to give the option of checking consistency or combining multiple passes for increased statistics. The three lowest altitude passes were performed first and repeated 8 times. The remaining higher altitude passes were performed second. Due to time constraints, the high higher altitude passes were only repeated 4 times each.
Four sources were placed on the 7500 foot long runway at the Desert Rock Airport adjacent to the Nevada National Security Site (NNSS). The source location and strengths are listed in Table 1 . Note that two Am-241 sources were used in order to increase the total activity. Since the threshold of the MARS detector is significantly above the 60 keV gamma-ray line from Am-241, it is not expected that it will be observed. A plot of the gross counts observed by the MARS detector integrated from 200 to 3069 keV is shown in Figure 3 . The bread crumb map has been interpolated using a nearest neighbors inverse distance weighting approach. No altitude corrections have been applied and helicopter turn data was not excluded. 
Background variation with altitude
Another standard AMS flight is the Altitude Spiral. The average attenuation of gamma-rays in air and the cosmic ray component of the spectrum can be determined by flying the same path over water and land at various altitudes. The standard AMS Altitude Spiral is performed at Lake Mohave, approximately 60 miles south of Las Vegas. Each water and land line was approximately 2 miles long and was flown at 70 knots at altitudes of 50, 150, 300, 500, 1000, and 3000 feet. The bread crumb map of the MARS system over Lake Mohave is shown in Figure 4 . 
Data Format
The data for each of the four flights are in separate ASCII files in 1 second time slices. Each line of the file represents 1 second of flight time. Each field in the file is separated by a comma. The first line of each file describes the contents of that column of data. After the location and time information are given, the GPS fix quality information is given as reported by the GPS receiver: Table 3 . GPS data quality information
GPS Fix quality Number of tracked satellites Horizontal dilution of position
The GPS GGA format gives the GPS fix quality codes as: After the GPS data quality information is given, the contents of 1024 bins from 0 to 3072 keV are given. The first line of the file gives the value corresponding to the center of the bin.
The acquisition time is the live time estimated by the Pixie-4 digitizer cards in the data acquisition system for the one second bin averaged over all the data acquisition channels. It is typically greater than 98% live.
Known Systematic Errors
While analyzing the data, several systematic errors have been discovered. The following have been accounted for:
• Radar altimeter calibration: The conversion factor for the radar altimeter was assumed to be -0.004 ft/V with no offset.
• Synchronization of HPGe and GPS/Radar Altimeter data streams: An initial offset and timedependent offset were discovered in the data. This was corrected for using the point source data. The inherent uncertainty in the GPS location is therefore increased due to the possibility that the spectrum corresponds to the adjacent GPS sample.
• Synchronization of HPGe data and live time information: A statistics file with the live time information is generated separately each second based on the forced buffer dumps. The number for each buffer dump was used to determine the appropriate estimated live time for that second of data collection. The live time is estimated by the Pixie-4 digitizer cards as the data are taken (see Ref.
[2] for more details). The live time reported in the data file is the result of averaging the live times for each individual channel in a buffer dump, an acceptable approximation due to the method with which the cards are read out. That live time is then reported for the one second time bin that it corresponds to. The live time appears to be synchronized to ± 1 second but robust testing of this has not been performed. For example, when the gross count rate increases rapidly, after the correction, the live time decreases at the same time. In addition, the data acquisition system may be busy for other reasons causing a drop in the measured live time. Many of these correlations have been observed in the corrected data within 1 second of each other giving more confidence in the data stream synchronization. Note that the GPS and radar altimeter uncertainty have approximately the same timing uncertainty as well.
Conclusion
The data in the appendix contain all of the relevant information from three June 2012 MARS survey flights conducted on the RSL Bell-412 helicopter. With the appropriate caveats, the data can be used to generate spectra and maps of gross counts or isotopic activities.
